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TITLE OF THE INVENTION 
CLOCK FREQUENCY CONTROL METHOD AND ELECTRONIC APPARATUS 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from prior Japanese Patent 

Application No. 2002-190890, filed June 28, 2002, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention relates to a method of 
controlling the clock frequency of a processor and, 
more particularly, to a method of controlling power in 
an electronic apparatus having a processor. 

15 2. Description of the Related Art 

In a method of saving the power of an electronic 
apparatus such as a computer, the operating clock 
frequency (or operating speed) of a processor (e.g., a 
CPU) is decreased to suppress power consumption of the 

20 processor. According to this method, the use ratio of 

the processor, the battery capacity, and the heat 
generation state of the processor are monitored, and 
power saving control is executed on the basis of these ■ 
pieces of information. 

25 For example, when a flag representing a busy state 

or the like is set in a predetermined memory area every 
time the processor accesses an I/O device or memory, 
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the operating system (OS) (or driver software accessory 
to the OS) acquires the degree of load on the processor 
on the basis of the flag set count, obtaining the use 
ratio of the processor. When the OS determines that, 
5 for example, the use ratio of the processor is low, the 

OS decreases the clock frequency of the processor in 
power saving control. 

The OS tends to recognize a value higher than 
the substantial use ratio of the processor owing to 

10 stall processing. This phenomenon readily occurs 

particularly for a high I/O access count or a large 
number of cache errors. 

That is, even for a substantially low use ratio of 
the processor, the OS determines that the use ratio is 

15 high, and hardly decreases the clock frequency of the 

processor. In this case, power consumption of the 
processor cannot be efficiently suppressed. 

The substantial use ratio of the processor may be 
detected by arranging specific hardware. However, 

20 newly arranging specific hardware undesirably leads to 

a high cost and large mounting space. 

Jpn. Pat. Appln. KOKAI Publication No. 11-353052 
discloses the following processor operating speed 
control method. The ratio between the performance 

25 index and power consumption index of a computer is used 

as an energy index. The CPU operating speed (operating 
frequency) is increased/decreased on the basis of the 



energy index, and power management processing which 
balances power saving and performance is executed. 
However, the technique of this reference is not 
designed to save power by paying attention to the 
substantial use ratio of a processor. 

BRIEF SUMMARY OF THE INVENTION 

Embodiments of the present invention provide a 
method and electronic apparatus for controlling power 
consumption corresponding to the substantial use ratio 
of a processor. 

According to one aspect of the present invention, 
there is provided a method of controlling a clock 
frequency of a processor, comprising acquiring an 
executable instruction count per unit time of the 
processor; acquiring a clock count per unit time of 
the processor; determining whether a ratio of the 
executable instruction count to the clock count exceeds 
a predetermined value; and controlling the clock 
frequency of the processor in accordance with a result 
of the determination. 

According to another aspect of the present 
invention, there is provided an electronic apparatus, 
comprising a clock oscillator configured to supply a 
clock signal; a processor configured to generate an 
internal clock on the basis of the clock signal 
supplied from the clock oscillator; and a control unit 
configured to control a frequency of the internal clock 
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in accordance with a ratio of an executable instruction 
count per unit time to a clock count per unit time of 
the internal clock generated by the processor. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
5 The accompanying drawings, which are incorporated 

in and constitute a part of the specification, 
illustrate embodiments of the invention, and together 
with the general description given above and the 
detailed description of the embodiments given below, 
10 serve to explain the principles of the invention. 

FIG. 1 is a block diagram showing the arrangement 
of the main part of an electronic apparatus according 
to an embodiment of the present invention; 

FIG. 2 is a block diagram showing an example of 
15 the functional arrangement of a control unit in FIG. 1; 

FIG. 3 is a table for explaining the contents of a 
threshold table in FIG. 2; 

FIG. 4 is a flowchart showing the first operation 
example in the embodiment; 
20 FIG. 5 is a flowchart showing the second operation 

example in the embodiment; and 

FIG. 6 is a flowchart showing the third operation 
example in the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 
25 Embodiments of the present invention will be 

described below with reference to the drawings. 

FIG. 1 is a block diagram showing the arrangement 
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of the main part of an electronic apparatus according 
to the embodiment of the present invention. 

The electronic apparatus according to the 
embodiment is an information apparatus such as a 
5 personal computer. The electronic apparatus includes a 

main memory 1, central processing unit (CPU) 2, clock 
oscillator 3, input/output (I/O) device 4, and 
recording medium 5. 

The main memory 1 is provided as the work area of 

10 the CPU 2. The main memory 1 holds an OS 11, applica- 

tion 12, and power management driver 13 (contained in 
the OS 11) which are processed by the CPU 2. 

The OS 11 controls the operation of the 
application 12 and also the operation of the power 

15 management driver 13. The application 12 is software 

which runs under the management of the OS 11. The 
power management driver 13 is a kind of software driver 
which performs control corresponding to specific 
hardware, and is a driver especially for executing 

2 0 power management. 

The power management driver 13 has a control unit 
14 and timer 15. The control unit 14 corresponds to 
software for realizing power saving in the embodiment. 
The control unit 14 can control the frequency of an 

25 internal clock which is generated by the CPU 2 in 

accordance with the ratio of an executable instruction 
count per unit time (to be also simply referred to as 
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an executable instruction count hereinafter) to a clock 
count per unit time of the CPU 2 (to be also simply 
referred to as a clock count hereinafter) . The clock 
count and executable instruction count can be acquired 
5 from the CPU 2. The control unit 14 will be described 

in detail below. The timer 15 is used by the control 
unit 14 when counting, e.g., the wait time (to be 
described later) . 

The CPU 2 controls the overall electronic 

10 apparatus, uses the main memory 1 as a work area, and 

executes various software programs. The CPU 2 
incorporates a register 21 which holds the executable 
instruction count. The executable instruction count 
held by the register 21 changes depending on the 

15 processing status of the CPU 2. The executable 

instruction count can be referred to outside the CPU 2. 

The CPU 2 also incorporates a clock processing 
circuit 22. The clock processing circuit 22 generates 
an internal clock used by the CPU 2 on the basis of a 

20 clock signal supplied from the clock oscillator 3. The 

clock processing circuit 22 changes the frequency of 
the internal clock in accordance with an instruction 
from the control unit 14. 

The clock oscillator 3 generates a reference clock 

25 signal and supplies it to (the clock processing circuit 

22 of) the CPU 2. The I/O device 4 inputs/outputs data 
to/ from the CPU 2. 
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The recording medium 5 corresponds to a hard disk 
drive (HDD) or the like. When the electronic apparatus 
is powered off, the recording medium, 5 saves various 
software programs and data such as the OS 11, 
5 application 12, and power management driver 13. 

FIG. 2 is a block diagram showing an example of 
the functional arrangement of the control unit 14 in 
FIG. 1. 

The control unit 14 includes an executable 

10 instruction count/clock count acquisition unit 141, 

determination, unit 142, threshold table 143, clock 
frequency change instruction unit 144, and wait time 
setting unit 145. 

The executable instruction count/clock count 

15 acquisition unit 141 is activated by the wait time 

setting unit 145 at a predetermined time interval. The 
executable instruction count/clock count acquisition 
unit 141 accesses the register 21 of the CPU 2 to 
acquire an executable instruction count, and accesses 

20 the clock processing circuit to acquire a clock count. 

These pieces of information are used by the deter- 
mination unit 142. 

The determination unit 142 is activated by the 
executable instruction count/clock count acquisition 

25 unit 141. The determination unit 142 performs 

predetermined calculation (to be described later) by 
using the executable instruction count and clock count 
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that are acquired by' the executable instruction 
count/clock count acquisition unit 141. The determina- 
tion unit 142 determines whether to increase/decrease 
the clock frequency of the CPU 2 (or keep it unchanged) 
5 in accordance with whether the calculation result 

exceeds a threshold (predetermined value) . 

Examples of calculation adopted in the determina- 
tion unit 142 are as follows. 

• Calculation 1 

10 Calculation "I/Iq" (I is the executable 

instruction count per unit time, and Iq is the clock 
count per unit time) is executed. 
■ Calculation 2 

Calculation " (I n - I n _i)/Io" (in is the executable 
15 instruction count per unit time in the nth acquisition, 

and Iq is the clock count per unit time) , or 
calculation " (I n -1 " I n) / I o" is executed. 

• Calculation 3 

Calculation "(I n * a n + I n-l^ a n-l + . ..)/don* a n + 
20 I 0(n-l)* a n-l + • ■ • ) " ( I n is the executable instruction 

count per unit time in the nth acquisition, lQ n is the 
clock count per unit time in the nth acquisition, and 
a n is the weighting factor applied to information in 
the nth acquisition) is executed. In this case, a n -l 
25 is a value smaller than <^n' ^n—2 ^ value smaller 

than a n _]_, .... With this setting, calculation which 
puts importance on the latest information rather than 
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information acquired in the past. The weighting 
factors a n , a n _ are properly calculated using an 
algorithm or the like on the basis of the reference 
weighting factor a which is stored in advance in a 
5 predetermined memory area. 

The determination unit 142 looks up the threshold 
table 143 and selects a threshold (predetermined value) 
used for determination. As shown in FIG . 3, the 
threshold table 143 describes concrete values of a 

10 threshold S used in accordance with various modes 

(operation modes of the CPU 2) . In the example of 
FIG. 3, the threshold S is 0.9 when the CPU 2 is in a 
power saving mode, 0.5 when the CPU 2 is in a standard 
mode, and 0.1 when the CPU 2 is in a high-speed mode. 

15 That is, the determination unit 142 selects a threshold 

(predetermined value) corresponding to the operation 
mode of the CPU 2 by looking up the threshold table 
143. Information on the operation mode (power saving 
mode, standard mode, high-speed mode, or the like) of 

2 0 the CPU 2 can be acquired from the power management 

driver 13. 

The clock frequency change instruction unit 144 is 
activated by the determination unit 142. The clock 
frequency change instruction unit 144 sends to 
25 the clock processing circuit 22 an instruction to 

increase/decrease the clock frequency of the CPU 2 by a 
predetermined amount in accordance with whether the 
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calculation result by the determination unit 142 
exceeds the threshold (predetermined value) . In this 
case, the clock frequency is so increased/decreased as 
not to recognize a change in performance by the user. 
5 The current clock frequency of the CPU 2 can be 

acquired from the CPU 2 . 

In the embodiment, the clock processing circuit 22 
is instructed to change the clock frequency of the CPU 
2. Instead, the clock oscillator 3 may be instructed 

10 to change the frequency of a generated clock. 

The wait time setting unit 145 is activated by the 
clock frequency change instruction unit 144. After a 
preset wait time has elapsed, the wait time setting 
unit 145 activates the executable instruction 

15 count/clock count acquisition unit 141. The set wait 

time can be changed, as needed. For example, the wait 
time may be changed in correspondence with the type of 
currently set operation mode of the CPU 2. 

Three operation examples in the embodiment will be 

20 explained with reference to FIGS. 1 and 2 and the 

flowcharts of FIGS. 4 to 6 . 
<First Operation Example> 

FIG. 4 shows operation corresponding to 
calculation 1 described above. 

25 When the electronic apparatus is activated, the 

determination unit 142 recognizes the type of operation 
mode of the CPU 2, and acquires a threshold S 
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corresponding to the operation mode in advance by 
looking up the threshold table 143 (step Al) . When the 
operation mode changes, the threshold S changes to a 
value corresponding to the mode. 
5 The executable instruction count/clock count 

acquisition unit 141 of the control unit 14 acquires an 
executable instruction count I per unit time and a 
clock count Iq per unit time, and sends these pieces 
of information to the determination unit 142 (steps A2 

10 and A3) . 

The determination unit 142 executes calculation 
"I/Iq" (I is the executable instruction count per unit 
time, and Iq is the clock count per unit time) . The 
determination unit 142 determines whether the 

15 calculation result exceeds the threshold S (step A4 ) . 

If the determination unit 142 determines that the 
calculation result exceeds the threshold S (YES in step 
A4), and the clock frequency of the CPU 2 is not 
highest (NO in step A5) , the clock frequency change 

20 instruction unit 144 performs control of increasing the 

clock frequency by a predetermined amount (step A6) . 
If the clock frequency of the CPU 2 is highest (YES in 
step A5) , the clock frequency is not changed. 

If the determination unit 142 determines that the 

25 calculation result does not exceed the threshold S (NO 

in step A4 ) , and the clock frequency of the CPU 2 is 
not lowest (NO in step A7), the clock frequency change 



12 



instruction unit 144 performs control of decreasing the 
clock frequency by a predetermined amount (step A8) . 
If the clock frequency of the CPU 2 is lowest (YES in 
step A7), the clock frequency is not changed. 
5 The wait time setting unit 145 determines whether 

to change the setting of the wait time (step A9) . If 
YES in step A9, the wait time setting unit 145 changes 
the setting of the wait time (step A10) , and waits for 
the lapse of the changed wait time (step All) . Upon 

10 the lapse of the wait time, the wait time setting unit 

145 activates the executable instruction count/clock 
count acquisition unit 141. If NO in step A9, the wait 
time setting unit 145 waits for the lapse of the wait 
time which has already been set (step All) . Upon the 

15 lapse of the wait time, the wait time setting unit 145 

activates the executable instruction count/clock count 
acquisition unit 141. 

In this manner, in the first operation example, 
whether the ratio of the executable instruction count 

20 to the clock count exceeds a predetermined value is 

determined. The clock frequency of the CPU 2 is 
controlled in accordance with the determination result, 
achieving power saving corresponding to the substantial 
use ratio of the CPU 2. 

25 <Second Operation Example> 

FIG. 5 shows operation corresponding to 
calculation 2 described above. 
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When the electronic apparatus is activated, the 
determination unit 142 recognizes the type of operation 
mode of the CPU 2, and acquires a threshold S corre- 
sponding to the operation mode in advance by looking up 
5 the threshold table 143 (step Bl) . 

A count value n representing the ordinal acquisi- 
tion number of the executable instruction count/clock 
count is reset to 0, and stored in a predetermined 
memory area (step B2) . 

10 In order to start acquisition of the executable 

instruction count/clock count, the current count value 
is incremented by 1 (step B3) . 

The executable instruction count/clock count 
acquisition unit 141 of the control unit 14 acquires 

15 the executable instruction count I per unit time and 

the clock count Iq per unit time, and sends these 
pieces of information to the determination unit 142 
(steps B4 and B5) . 

The determination unit 142 executes 

20 "(Jn ~ I n-l)/ I o". ^ s the executable instruction 

count per unit time in the nth acquisition, and Iq is 
the clock count per unit time) . The determination unit 
142 determines whether the calculation result exceeds 
the threshold S (step B6) . 

25 If the determination unit 142 determines that the 

calculation result exceeds the threshold S (YES in step 
B6) , and the clock frequency of the CPU 2 is not 
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highest (NO in step B7), the clock frequency change 
instruction unit 144 performs control of increasing the 
clock frequency by a predetermined amount (step B8). 
If the clock frequency of the CPU 2 is highest (YES in 
5 step B7), the clock frequency is not changed. 

If the determination unit 142 determines that 
the calculation result does not exceed the threshold S 
(NO in step B6) , the determination unit 142 executes 
"(In-1 ~ I n )/Io"/ and determines whether the calcula- 

10 tion result exceeds the threshold S (step B9) . If the 

determination unit 142 determines that the calculation 
result exceeds the threshold S (YES in step B9) , and 
the clock frequency of the CPU 2 is not lowest (NO in 
step BIO), the clock frequency change instruction unit 

15 144 performs control of decreasing the clock frequency 

by a predetermined amount (step Bll) . If the clock 
frequency of the CPU 2 is lowest (YES in step BIO) , the 
clock frequency is not changed. 

The wait time setting unit 145 determines whether 

20 to change the setting of the wait time (step B12). If 

YES in step B12, the wait time setting unit 145 changes 
the setting of the wait time (step B13) , and waits for 
the lapse of the changed wait time (step B14). Upon 
the lapse of the wait time, the wait time setting unit 

25 145 activates the executable instruction count/clock 

count acquisition unit 141. If NO in step B12, the 
wait time setting unit 145 waits for the lapse of the 
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wait time which has already been set (step B14) . Upon 
the lapse of the wait time, the wait time setting unit 
145 activates the executable instruction count/clock 
count acquisition unit 141. 
5 In the second operation example, whether the ratio 

of the difference between two executable instruction 
counts acquired successively to the clock count exceeds 
a predetermined value is determined. The clock 
frequency of the CPU 2 is controlled in accordance with 
10 the determination result, achieving power saving 

corresponding to the substantial use ratio of the 
CPU 2. 

<Third Operation Example> 

FIG. 6 shows operation corresponding to 
15 calculation 3 described above. 

When the electronic apparatus is activated, the 
determination unit 142 recognizes the type of operation 
mode of the CPU 2, and acquires a threshold S corre- 
sponding to the operation mode in advance by looking 
20 up the threshold table 143. At the same time, the 

weighting factor a which is stored in a predetermined 
memory area is acquired in advance (step CI) . 

The count value n representing the acquisition 
number of the executable instruction count/clock count 
25 is reset to 0, and stored in a predetermined memory 

area (step C2) . 

In order to start acquisition of the executable 



instruction count/clock count, the current count value 
is incremented by 1 (step C3) . 

The executable instruction count/clock count 
acquisition unit 141 of the control unit 14 acquires 
the executable instruction count I per unit time and 
the clock count Iq per unit time, and sends these 
pieces of information to the determination unit 142 
(steps C4 and C5) . 

The determination unit 142 executes 
calculation "(I n * a n + J n-l* a n-l + . ..)/(Ion* a n + 
J 0 (n-1 ) * a n-1 + •••)" (In is the executable instruction 
count per unit time in the nth acquisition, lQ n is the 
clock count per unit time in the nth acquisition, and 
a n is the weighting factor applied to information in 
the nth acquisition) . The determination unit 142 
determines whether the calculation result exceeds the 
threshold S (step C6) . 

In this calculation, the number of terms used for 
a numerator formula and dominator formula may be 
limited to a predetermined number. In this case, a 
term concerning the oldest acquired information may be 
excluded (deleted) from the calculation. This can 
reduce the capacity of information held in the memory 
area . 

If the determination unit 142 determines that the 
calculation result exceeds the threshold S (YES in step 
C6) , and the clock frequency of the CPU 2 is not 



highest (NO in step C7), the clock frequency change 
instruction unit 144 performs control of increasing the 
clock frequency by a predetermined amount (step C8) . 
If the clock frequency of the CPU 2 is highest (YES in 
step C7), the clock frequency is not changed. 

If the determination unit 142 determines that the 
calculation result does not exceed the threshold S (NO 
in step C6) , and the clock frequency of the CPU 2 is 
not lowest (NO in step B9) , the clock frequency change 
instruction unit 144 performs control of decreasing the 
clock frequency by a predetermined amount (step CIO) . 
If the clock frequency of the CPU 2 is lowest (YES in 
step C9) , the clock frequency is not changed. 

The wait time setting unit 145 determines whether 
to change the setting of the wait time (step Cll) . If 
YES in step Cll, the wait time setting unit 145 changes 
the setting of the wait time (step C12), and waits for 
the lapse of the changed wait time (step C13) . Upon 
the lapse of the wait time, the wait time setting unit 
145 activates the executable instruction count/clock 
count acquisition unit 141. If NO in step Cll, the 
wait time setting unit 145 waits for the lapse of the 
wait time which has already been set (step C13) . Upon 
the lapse of the wait time, the wait time setting unit 
145 activates the executable instruction count/clock 
count acquisition unit 141. 

In the third operation example, whether the ratio 
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of the sum of executable instruction counts which are 
successively acquired and multiplied by a predetermined 
weighting factor to the sum of clock counts which are 
successively acquired and multiplied by a predetermined 
5 weighting factor exceeds a predetermined value is 

determined. The clock frequency of the CPU 2 is 
controlled in accordance with the determination result, 
achieving power saving corresponding to the substantial 
use ratio of the CPU 2. 

10 As described above, this embodiment adopts a 

control unit which controls the frequency of an 
internal clock generated in the CPU 2 in accordance 
with the ratio of the executable instruction count per 
unit time to the clock count per unit time of the CPU 

15 2. The embodiment can perform power saving control 

corresponding to the substantial use ratio of the 
CPU 2. 

The functional arrangement of the control unit is 
not limited to the one shown in FIG. 2, and can be 

20 modified as far as the same operation can be realized. 

As has been described in detail above, according 
to the present invention, it is possible to control 
power consumption corresponding to the substantial use 
ratio of a processor. 

25 Additional advantages and modifications will 

readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 



the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



